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COMPLETE SPECIFICATION 

Thiaimne Derivatives 



We, Yamanouchi Seiyaku K.K.; a Japanese Company of 5—1, Nihonbashi 
Honcho, 2-chonie, Chuo-ku, Tokyo, Japan, do hereby declare the invention, for which 
we pray that a patent may be granted to us, and the method by which it is to be per- 
formed, to be particularly described in and by the following statement: — 

This invention relates to novel thiol-type thiamine derivatives more particularly 
to thiol-type thiamine derivatives having cyclic thiol carbonate structures wherein the 
S-position of the thiol group and the 0-position of the ^-hydroxyethyl group are 
bonded to the carbonyl group (-—CO—) and the add salts thereof, and further to a 
process for the production thereof. Furthermore, the invention relates to compositions 
containing the above compounds having pharmacological usefulness. 

The above-mentioned thiol-type thiamme derivative of this invention is shown 
by the general formula 



(I) 



wherein R represents a hydrogen atom or an or-hydroxethyl group and when R re- 
presents the a-hydroxyethyl group, formula (I) means the optically active d-form, 1- 
form, and nonactive dl-form. In the case, when R is a hydrogen atom, the compound 
shown by the above formula (I) can be called "carbothiamine" and if R is an o£- 
hydroxyethyl group, the compound can be called "carbohydroxyethylthiamine". 

Since the following thiol-type thiamine was reported by Zima et al (Zima et al.: 
Ber., 7S, 941 (1940)) 



CH3 ^CH^CHijOH 

various thiol-type thiamine derivatives have been synthesized. 

Among them, there are, as an active Vitamin Bi compound having a rapid and 
prolonged Vitamin Bi activity, conunercially available S-acylthiamine, derivatives, 
such as, S.O-diacetylthiamine, SO-dibenzoylthiamine (cf. U.S. Patent No. 2,752,348), 
and S-benzoylthiamine-O-monophosphate (cf. U.S. Patent No. 3,064,000) and 
thiamine disulfide derivatives, such as, thiamine propyl disulfide (TPD) (cf. U.S. 
Patent No. 2,833,768) having the formula 



yCHO 



• HI / *• C 
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tMamine-8-(methyl-6-acetyldihydrothiocttte).<U^^ U.S. Patent No. 

3,098,856). and O-benzoyl thiamine disulfide (BTDS) (cf. U.S. Patent No. 3,109.000). 

It is proposed that by the reaction of thiol-type thiamines anf for^^pl^ ethyl 
chlorocaife^nate, S-carbalkoxy derivatives (cf. U.S. Patent No. 3,l?8'613)^and O^- 
dicarbalkoxy derivative (cf. Brit. Patent No. 944,641) can be obtamed and ™at.&r 
obtaining these carbonyloxy derivatives, phosgene in a'<»hol <an be us^ instead of an 
alkyl/halo carbonate (cf. Japanese Patent Publication No. 20,166/1/W;- 

On the other hand, hydroxyethytthiamine (HEX) shown by the followmg formula 




having an «-hydroxyethyl group at the 2-posmon of he thiazohum "^f/^' 
for the first time early in 1958 by Krampitz et al. J.Am.Chm. Soc. 80, 58?3-^S* 
(1958)) and from the consideration that the compound is an effective mterai(^e for 
administrated thiamines, various studies have been made (Goedde: Intern. Z. Vitamm- 

'"'^cSdi^tSfSguiation of ^ydroxyethyl group, optically active HET 

and nonactive HET are present. . , , . , u- • j-,.v««^™c 

An object of the present invention is to provide thiol-type duamine dermtiyes 
of Formula having unexpectedly excellent Vitamin activity as compared with 
thiamine and its known derivatives. .... , . . j 

Another object of this invention is to provide novel thiol-type thiamme denvatiyes 
showing rapid and prolonged Vitamin B, activity. A further object of this mvention 
is to provide active Vitamin Bi agents suitable for oral admmistration. 

A further object of the invention is to provide compositions of matter containmg 
thiol-type thiamine derivatives which can be rapidly absorbed from die m^stinal canaJ 
and when oraUy administered, a much more high (twice as high as TPD) level or 
Vitamin B, in blood dian by thiamine propyl disulfide (TPD) known as typical acuve 
Vitamin Bi agent is maintained for a long time. 

Carbothiamine and carbohydroxyethylthiamine shown by Fonnula (I) may be pre- 
pared in a variety of different ways of which the more important can be expr^sed- 
generically as comprising the interaction of basic salts of thiol-type thiamine or tluol- 
type hydroxyethyl thiamine (HET) represented by the formula II : 



^S— Met 



wherein R has the same significance as designated above, and Met. is an alkali metal^ 
ammonium or other basic radical with carbonyl dihalogenide represented by the 
formula COX2 (wherein X is a chlorine atom or a bromine atom). The reaction may 
be carried out in a suitable solvent, for example, water, lower alkanols, chlorofomi, 
tetrahydrofuran, dioxane, acetone, or a mixture thereof as well as carbonyl dihalogenide 
itself, but water is most preferable. Generally speaking, carrying out die reaction m 
dOute solution may afford better results. 

The starting compounds, thiol-type compounds, of Formula II, may be pre- 
pared by reacting the mineral acid salts of thiazolium-type thiamine or hydroxyethyl 
thf>fm'n^ (HET) with alkaline substances, for example an alkali metal, an alkali metal 
hydroxide, an alkali metal alkoxide, an alkali metal carbonate and ammonium hydrox- 
ide according to a conventional manner. 

The reagent, carbonyl dihalogenide (preferably phosgene) may be used- in gaaccais 
or liquid state, or as a solution of inert solvent, for example, benzene or chlorofori^ 
about equimolar amount or more to the starting material II in aqueous solvent and 
nearly equimolar amount in non aqueous solvent, for example, alcohol, acetone, 
chloroform, dioxane, and tetrahydrofuran. 

Although the optimum reaction temperature should be based on the employed re- 
agent and solvent, a temperature from - 10°C to lO^C is normally adopted in order 
to prevent evaporation of the carbonyl dihalogenide and the side reaction. 

The reaction time is usually up to 2 hours preferably up to 1 hour. Occasionally 
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rapid reaction takes place as soon as the starting material and the reagent are mixed 
according to the properties of the reagent and solvent selected. 

The addition of an acid combinable agen^ for example aJkaJi metal hydroxide, 
alkali metal carbonate, ammonium hydroxide and triethylamine to the reaction mixture 
during the reaction process afford better tesults because the pH of the reaction mixture 
tends to get acidic when an aqueous solvent is employed, and thiol-type thiamine deriv- 
atives II tend to get thiazolium-type in acidic conditions. 

When lower alcohols are employed as a solvent, the reaction should be carried out 
at a temperature lower than - 2QPC to prevent the interaction of carbonyl dihalogenide 
and the lower alcohols. 

When the reaction is carried out at a temperature lower than - 10°C, di-thiaminer 
carbonates represented by formula IE: 



(III) 

wherein R has the same significance as designated above, happen to be produced in 
the reaction mixture. This compound III is unstable in neutral or basic conditions 
whereby it turns promptly to the above-mentioned thiol-type thiamine derivatives of 
Formula I and thiamine or hydroxyethyi thiamine (HEX). However, in acidic con- 
ditions, this compound III is stable and can be isolated according to a per se con- 
ventional manner. From thus obtained di-tiuamine-carbonates of Formula III carbo- 
thiamine or carbohydroxyethylthiamine shown by formula I can be obtained by adding 
basic substances, for example, alkali metal hydroxide, alkali metal carbonate and am- 
monium hydroxide, and adjusting the solution from neutral to basic. 

The recovery of thus prepared carbothiamine or carbohydroxyethylthiamine 
shown by Formula I from the reaction solution can be readily accomplished according 
to a conventional manner. For instance, the product is extracted with an organic solvent 
or the reaction mixture is concentrated after washing it. 

Thus obtained thiol-type thiamine derivatives I may be refined by means of re- 
crystallization from water, lower alcohols and ethylene dichloride, or by means of treat- 
ment with mineral acids, for example hydrochloric acid, in the course of the recovery 
process whereby the mineral acid salts suitable for purification and crystallization are 
obtained. 

Above described Formula I, II and III each means the derivative of thiamine 
when R is a hydrogen atom, and the derivative of hydroxyethyi thiamine (HET) when 
R is an of-hydroxyethyl radical, in which an optically active produa is obtained if an 
optically active starting compound is used. No racemization is seen to occur in the re- 
action processes. The thiol-type cyclic thiamine derivatives of Formula I and non-toxic 
organic and inorganic salts thereof have Vitanoun activity. They are rapidly absorbed 
from the intestinal canal and maintained a high Vitamin Bi level (about twice as hi^ 
as TFD) in blood for a long time after oral administration. 

Animal and clinical test data of compounds according to the present invention are 
shown in Tables I to VII in contrast with thiamine chloride hydrochloride and a com- 
meraally available typical aaive Vitamin Bi agent, tiiiamine propyl disulfide (TFD) 
and S.O-dibenzoylthiamine. 

In these tables, the compounds designated by an asterisk (*) are products of the 
present invention. 
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Table I 

Changes of Vitamin Bi Level in Blood After 
Oral Administration (Animal Test) 



Vitamin concentration in blood (^xg/dl) 



Time (hours) 


0 


0.5 


1 


3 


5 


8 


24 


Thiamine chloride 
hydro chloride 


29.8 


31.5 


35.1 


42.0 


40.2 


39.3 


34.8 


Thiamine propyl 
disulfide 


27.6 


61.8 


65.2 


55.1 


50.8 


40.7 


29.1 


Carbo thiamine* 
((I):R = H) 


25.5 


70.6 


78.9 


75.4 


61.0 


54.6 


32.3 



Test dosage: Amount equivalent to 5mg of thiamine chloride hydrochloride per 

kilogram of body weight. 
Mode of administration: Oral 
Test animals: Rabbits 

Table II 

Changes of Vitamin Bi Level in Blood After 

Oral Administration (Animal Test) 



Vitamin Bi concentration in blood ((xg/dl) 



Time (hours) 


0 


0.5 


1 


3 


5 


8 


24 


Thiamine chloride 
hydrochloride 


21.5 


27.3 


28.0 


38.5 


41.2 


35.2 


20.0 


Dibenzoyl thiamine 


25.4 


51.9 


59.9 


70.5 


61.3 


52.8 


27.6 


Thiamine propyl 
disulfide 


24.9 


93.6 


107.0 


84.4 


73.9 


62.9 


24.8 


Carbothiamine* 
((I):R = H) 


23.6 


145.0 


158.2 


160.1 


142.5 


116. 


34.3 



Test dosage: Amount equivalent to 10 mg of thiamine chloride hydrochloride per 
kilogram of body weight. 

Mode of administration: Oral 

Test animals : Rabbits 
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Table III 

Changes of Vitamin Level in Blood After 
Oral Administration (Animal Test) 



Vitamin Bi concentration in blood Oi.g/dl) 



Time (hours) 


0 


0.5 


1 


3 


5 


8 


24 


Thiamine chloride 
hydrochloride 


25.7 


33.3 


36.6 


39,4 


43.4 


39.7 


35.9 


Thiamine propyl 
disulfide 


27.1 


163.0 


200.0 


190.0 


132.0 


102.0 


44.3 


Carbothiamine* 
((I):R = H) 


26.2 


291.0 


343.0 


243.0 


211.0 


191.0 


52.5 



Test dosage: Amount equivalent to 20 mg of thiamine chloride hydrochloride per 
kilogram of body weight. 

Mode of administration: Oral 

Test Animals: Rabbits 



Table IV 

The Amount of Vitamin B^ Excreted in Urine 
After Oral Admmistration 



Test dosage equi- Vi tamin 

valent to thiamine amount in urine (mg)* 



chloude 


lOmg 


25 mg 


50mg 


Thiamine chloride 
hydrochloride 


0.4 


0.6 


1.2 


Thiamine propyl 
disulfide 


1.6 


3.2 


8.6 


Carbothiamine* 
((I):R = H) 


2.0 


4.9 


11.3 



* Measured 6 hrs. after administration 



Mode of administration: Oral 
Test subjects: Adult human ( f ) 
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Table V 

Changes of Vitamin Bi Level in Blood After 
Intravenous Injection (Animal Test) 



Vitamin Bi concentration in blood ((ig/dl) 



Time (hours) 


0 


0.5 


1 


3 


6 


Thiamine chloride 
hydrochloride 


27.6 


275.0 


181.0 


67.0 


44.0 


Thiamine propyl 
disulfide 


26.8 


1059.0 


954.0 


739.0 


540.0 . 


Carbothiamine* 
((I):R = H) 


25.8 


412.0 


352.0 


250.0 


178.5 



Test dosage: Amount equivalent to 5 mg of thiamine chloride hydrochloride 
per kilogram of body weight. 

Mode of administration: Intravenous 

Test animals: Rabbits 

Table VI 

The Amount of Vitamin Bj Excreted in Urine 
After Intravenous Injection (Animal Test) 





Vitamin Bi amount in urine (mg) 


Time (hours) 


0 — 1 


1 —3 


3 _ 6 6 — 24 


Thiamine chloride 
hydrochloride 


7.1 


1.0 


0.5 0.9 


Thiamine propyl di- 
suMde 


3.4 


1.3 


1.0 2.6 


Carbothiamine* 
((I):R = H) 


4.5 


0.9 


0.6 1.5 



Test dosage: Amount equivalent to 5 mg of thiamine chloride hydro- 
chloride per kilogram of body weight. 



Mode of administration. Intravenous (in ear) 
Test animals: Rabbits 
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Table VH 
Acute Toxicity (Animal Test) 







(mgAg) 


Administration 


Intravenous 


Oral 


Thiamine chloride 
hydrochloride 


119 


9,000 


Thiamine propyl 
disulfide 


320 


2,750 


Carbothiamine* 
((I):R:=H) 


513 


13^90 



Test Animals: Mice 



Carbothiamine or carbohydroxyethylthiamine (I) and the innoxious salts thereof 
have no such unpleasant smell as have thiamin propyl disulfide and the homologs 
thereof. 

As shown in the above tables, the thiol-type thiamine derivative (I) is useful as 
an active Vitamin Bi agent since the products of this invention are easily absorbed 
and have less toxic property. The products are used usefully for giving by oral ad- 
ministration a high Vitamin Bi level in blood as achieved by injection. 

Several suitable examples for effeaing the process of this iavention are shown 
below, in which the symbol "I^' means a (2-methyl-4-amino-5-pyrimidyl) methyl 
group. 

Example 1 

An aqueous solution of the sodium salt of thiol-type thiamine that has been pre- 
pared by adding lOg of thiamine chloride hydrochloride to 36.8ml of an aqueous 10% 
sodium hydroxide solution and allowing to stand for 30 minutes at room temperature 
was mixed with 3g of sodium bicarbonate and, after cooling to 0 — ^3°C, to the mixture 
was added 2ml of phosgene during 30 minutes with stirring. After stirring for another 
30 minutes at the same temperature, the temperature of the solution was raised to room 
temperature to remove excess phosgene. The product was extracted four times from 
the reaction mixture using lOOml portions of ethyl acetate. After drying the extract 
with anhydrous magnesium sulfate, the solvent was distilled off from the product under 
reduced pressure to give crystals. By rinsing mxh water and drying the crystals, 2.5g 
of the white crystals of the crude carbothiamine was obtained. When the crude car- 
bothiamine was recrystallized from water, it had a decomposition point of 175.5*^C.. 

The infrared spectnmi of the carbothiamine showed the absorption of C=0 at 
1685cm"** and the absorption of — CHO at 1660an-^. The thiochrome reaction of the 
carbothiamine was negative but by treating it with cysteine the reaction was changed 
into positive. 

Analysis — Calcd. for QsHioN^O^S; C, 50.61; H, 5.22; N, 18.17; S, 10.40. 
Found: C, 50.52; H, 5.36; N, 18.01; S, 10.35. 

To the remaining aqueous layer after extracting with ethyl aceate was added an 
excess of a saturated aqueous anunonium thiocyanate solution and the solution was 
allowed to stand for 1 hour. The white crystals thus precipitated were filtered, rinsed 
with water, and dried to give 3g of thiamme thiocronate having the melting point of 
192°C. 
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Example 2 



To an aqueous solution of the sodium salt of *|ol:5Te tWamine that has t^^^ 
prepared as rExample 1 using 3.0g of thiamme chlonde hydrocWonde was added 5 

5 3ml of liquid phosgene while maintaining the reacuon mixture an alkahne 

£T adding ocS^ionally an aqueous sodium hydroxide soluuon mstead of addmg 
SLodiSrcfrbonate as ^ ExaiSple 1. After ^he reaction was to^^ 
was extracted from the reartion mixture with ethyl fa^te foUowd by subsequent 
^atS i in Example 1 to give 1.8g of white crystals of the carbothiamme showmg 

10 the decomposition point of 173 — 174°C. 



Example 3 
,CHo .cm 



The reaction was conducted as in Example 2 by adding however 3.3ml of bromo- 



obtained. _ . 

Example 4 




hyd^^^j — 

produrt showed the specific rotation Hu 



20 



20 ^ ^H^a^v"" c^^-fi^C 

In a mixture of 100ml of water and 39.4ml of an aqueous I N sodiuni hydroxide 
solution^ Svid 5g of hydroxyethyl thiamine (HEI^ ^/""''^^J^^^ ^ 
Ae mixture was aUowed to stand for 1 hour at room temperature. To the SOl"no° w« 
SdSXpwise 1.5ml of phosgene during 30 minutes with s?i^mg coojng tt 

3— 5°C. During this procedure, the reaction solution was mamtained alkahne by ad- ^ 
ding an aqueous 1 N sodium hydroxide solution to it. 

From the reaction solution ±e product was extracted with four 100ml portions 
of ethyl acetate. After drying die extraa with anhydrous magnesium sulfate, the 
solvent was distiUed ofi under reduced pressure and by nnsmg die thus obtaiMd 
S^k a smaU quantity of ethyl acetate, 2.5g of white crystals of the crude c^bo- 30 
h^xyediyl thiamine was obtained. The crude product was rec^stalhzed froin 
cdianoUc water to give a product having a decomposmon point of 195—197 C. ine 
infrared spectrum of the carbohydroxyediyl thiamine showed absorpuon band of 
C = 0 at 1705cm- and die absorption band of -N-CO at 1650cm K TTie thio- 
35 chrome reaction of the carbohydroxyethyl thiamine was negative but upon treatmg it M 
with cysteine, the reaction was changed into positive. 

Malysis - Calcd. for C.,H:.,N.O,S : C, 51.12; H, 5.72; N, 15.90; Found: 
C. 51.15; H, 5.78; N, 15.99. 

Example 5 

^MoH CHOH 



[a] n" -28.7 
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Example 6 

MO ,CHCi 

In SOxnl of absolute ethanol was dissolved 3g of the sodium salt of tfaiol-type 
thiamine. Then^ under cooling to — 20°Q Ig of phosgene in 5ml of benzene was grad- 

^ ually added dropwise to the solution, and after stirring for 10 minutes at the same 5 
temperature, the mixture was further stirred for another 10 minutes at room temper- 
ature. The NaQ deposited during the reaction was removed by filtration from the re- 
aaion solution and, after concentrating the filtrate, the residue was dissolved in water 
and the solution was neutralized by sodium bicarbonate. The product thus extracted 

^0 from the solution with ethyl acetate and the extract was, afer drying with anhydrous 10 
sodium sulfate, concentrated, whereby the residue was crystallized. The crystals were 
recovered by filtration and rinsed with a small amount of ^anol and then ethyl acetate 
to give 0.3g of the crude carbothiamine with a decomposition point of 174--175°C 
When the crude crystals were recrystallized from ethylene dichloride, they had a de- 

15 composition point oi 182°C. Further, by treating the carbothiamine with nitric acid, 15 
the nitrate (recrystallized from metfaanol-ethylacetate) with a decomposition point of 
137— 138^0 was obtained. 

Example 7 



/MO CHP 

20 Three grams (3g) of the sodium salt of thiol-type thiamine was dissolved in 30ml 20 

of absolute methanol and to the solution was gradually added dropwise under cooling 
to -20°C a solution of 1.9g of bromophosgene in 10ml of benzene. By treating the 
thus prepared solution as in Example 6, 0.3g of the carbothiamine with a decomposition 
point of 175°C was obtained. 

25 Example 8 25 



In 50nil of chloroform was suspended 3.Qg of the dried sodium salt of thiol- 
type thiamine. Under cooling with ice and stirring, a solution of 0.7g of phosgene in 
10ml of benzene was added to the suspension dropwise. Then, after continuing stirring 
30 for 1 hour at the same temperature, the solution was mixed with 1 ml of triethylamine 
with thorough stirring and then further was mixed with 20ml of water with thorough 
stimng. 

After separating the chloroform layer from the reaction solution and drying the 
layer with anhydrous magnesium sulfate, the product was concentrated and the residue 
35 was crystallized with addition of a small amount of ethyl acetate. The crystals were 
recovered by filtration and rinsed with ethyl acetate to give 0.9g of white crystals of 
the product having a decomposition point of 173°C. 

Example 9 

MO CHCi 

40 In 50ml of dioxane was suspended 3g of the sodium salt of thiol-type tiiiamine 

and to the suspension was added dropwise. a solution of Ig of phosgene in 5ml of 
benzene under icc-cooUng. The mixture was then stirred for 1 hour at the «ame 
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temDerature After reaction, die solvent was distiUed off under reduced pressur^^^ 
S?SS wTSsolved to water, and the solution was neutrahzed mth the add-on 
S sS b^ibonate. From the solution was extracted ^^PJ^^^^.^^^^'^^Ift^ 
uuL after drying the extract, the produa was treated witii dried hydrogen chloride gas 
» deoSe WWte c^als. The ci^stals were recovered by filtration and «^«aUized 
SfflTCSaTSyl acetate to giVe l.Og of the hydrochloride of the carbothianune 

•"^^^-'S^frC^^'SAsSa: CI. 10.30. Found: Q, 10.22. 



Example 10 



In eOml of tetrahydrofuran was suspended 3g of the sodium salt of thiol-ty^e 
driaJL S S.c£ coding with ice water, a solution of 1.9g of bromophos^ 
IQml of benzene was added gradually to the suspension dropwise. The white a^s 
oSdncd ^eating the mi:^ure as in Example 9 were recrystallized from ethykne 
15 SSeTopVeO^g of the hydrochloride of the carbodiiamine with a decomposition 15 

point of 179— 180»C. 

Example 11 

(A) 

CHO 

In 48ml of a 10% aqueous sodium hydroxide solution was dissolved 13.5g of 
20 thiamine chloride hydrochloride and the solution was allowed to stand for 30 inmutes ■ 2Q 
at room temperature. To die solution was added 50ml of ethanol and under coohng to 
-20<>C was added dropwise a solution of 3ml of phosgene in 30ml of bwizene with 
stirrine foUowed by stirring for 10 minutes at the same temperature. The leaction 
mixture was then mixed with diluted hydrochloric acid at the same temperatuie to 
25 adiust die pH to 2 and concentrated under reduced pressure to a half. The soluaon ZD 
obtained was neutralized with the addition of sodium bicarbonate and the product was 
extracted five times with chloroform. After diying quickly with anhydrous magnesium 
sulfate, the extract was mixed 'with ethanolic hydrochloric add to be converted mto 
an acid state and then dried by evaporating under reduced pressure. By addmg acetone 
30 to the residue, die white powder of dithiamine-carbonate dihydrochlonde was obt^ed. 30 
By recrystallizing the crude product from isobutanol, 8.4g of needles with a de- 
composition point of 129— 130°C was obtained. ^ „ , xt ir 

Analysis^ Calcd. for C^U.^^sCS^CUM^O: C, 44.05; H, 5.61; N, 16.43. 
Found: Q 44.12; H, 6.15; N, 16.18. 
(B) 

j*^^ CHO CHO 

35 cApcH^CH^oHtioeH^c^cH^ dfipcHrf«ii 

In 10ml of water was dissolved 2.0g of the dithiamine-carbonate dihydrochloride 
that had been obtained in process (A) and after addmg 6ml of an aqueous 1 N sodium 
hydroxide solution, the solution was allowed to stand for 15 minutes at 45°Q After 
cooling, the product was extracted from the reaction mixture with ethylene dichloride 

40 and the extract was dried with anhydrous magnesium sulfate followed by concentration 40 
to give 0.6g of product with a decomposition point of 177 — 179°C. 

llie residual aqueous layer after extracting with ethylene dichloride was mixed 
with diluted hydrochloric acid to convert the pH to 6.5 and then mixed with Ig of 
flttimrtninm tfaiocyanate to precipitate crystals. By recovering the crystals wkh filtration 

45 and water-rinsing and drying them, 0.9g of tiiiamine thiocyanate was obtained. 45 



CH<? 



10 



1,122,786 



11 



Example 12 



9^3 
QHOH 



'3 

CH-OH 4hOH 

^- — CO S vyM--jy 

IHiCHjOhHocH^hT^Hj 



CH-OH 



In 16ml of an aqueous 10% sodium hydroxide solution was dissolved 5,0g of 
hydroxyethyl thiamine (HET) chloride hydrochloride and the solution was allowed to 

5 stand for 30 minutes at room temperature. After adding 16ml of ethanol to the 
solution, the solution was cooled to -20°C. To the solution was added under stirring 
dropwise a solution of 1.5g of phosgene in 15ml of benzene and the solution was sdned 
for 10 mmutes at the same temperature. The pH of the solution was adjusted to 2 at 
the same temperature with addition of diluted hydrochloric acid and the solution was 

10 concentrated to about a half under reduced pressure. It was confirmed by a paper 
chromatography (developed in: n-butanol : acetic acid : water =4 : 1 : 5) that 
besides a small amount of hydroxyethyl thiamine (HET), di.(hydroxyethyl thiamine)- 
carbonate was mainly present in thus obtained solution; The pH of the solution was 
adjusted to 9 by adding sodium carbonate and, after allowing to stand for 10 minutes, 

15 the product was extracted with ethylene dichloride. The extraa was dried with an- 
hydrous magnesium sulfate and concentrated under reduced pressure to give 1.4g of 
the carbohydroxyethyl thiamine with a decomposition point of 194 — 196°C. 

Example 13 



10 



15 



9^3 
QHQH 



■3 
t-oH 



9^3 

^-OH CHOH 



Ah-oh 

Ca.0 



Ml 



-28.9 



20 By repeating the procedure as in Example 12 using 5g of d-hydroxyethyl thiamine on 

(d-HET) chloride hydrochloride ([«]d2'.+ 11.7 (c=2.0, in HjO)), 1.5g of the optically 
active carbohydroxyethyl thiamine with a decomposition point of 194°C was obtained. 
The product showed the specific rotation [a]i>*»-28.9 (c=1.2, in 0.1. N HQ). 

WHAT WE CLAIM IS : — 
25 1 . A thiol-type thiamine derivative represented by the formula 25 



>o 



2. A thiol-type thiamine derivative represented by the formula 



12 
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35 



3. An optically active d-fonn of the thiol-type thiamine derivative claimed in 

''""4.^The optically active 1-form of the thiol-type thiamine derivative daimcd in ^ 

5 <^"^5\ therapeutically useful acid salt of a thiol-type thiamine derivative as claimed 

"'"rk^'S-iJe 'thiamine derivative according to daim 1 substantiaUy as herein- 
Mnrp described widi reference to any of the Examples 1, 2, 3 and 6 to 11. 
10 7. rprSs for preparing a d^ol-type thiamine derivative represented by the 10 

formula • * 

which comprises reacting a thiol-type thiamine derivative represented by the formula 

15 where Met is an alkali metal, ammonium or otiier basic radical and a carbonyl di- 15 
SSiSdf rjr^ted by the'formula COX, (wherein X is a chlonne atom or a 

•"'"T A'Si«^^ daS Cl«- 7 wherein the carbonyl dihalogenide is phos- 
20 A process as claimed in Claim 7 wherein the carbonyl dihalogenide is bromo- 20 

phosgene.^ process as claimed in CUim 7 wherein die reaction is carried out in an 

alcohol at a temperature below - 2(fC . . • . . • „ „„„ 

11. A process as claimed in Claim 7 wherein die reaction is earned out m a non- 
25 aqueom s^^^*^*^ preparing a diiol-type thiamine derivative represented by liie 

formula 

which formula refers to the dl-form and the opucally active d-form arid l-fom^ which 
30 process comprises reacting a thiol-type thiamine derivative represented by the formula 30 

Lhoh 



25 



-Met. 

wherein Met is an alkali metal, ammonium or other basic radical and a carbonyl di- 
halogenide represented by the formula COX2 (wherein X is a chlorine atom or a 
bromine atom) in a basic state. , . ^,^.1.1 u <»c 

13. A process as claimed in Claim 12 wherein the carbonyl dihalogenide is pnos- 35 

^^^14. A process as claimed in Qaim 12 wherein the carbonyl dihalogenide is bromo- 
phosgene. 



1,122,786 ^ 13 

15. A process for preparing a thiol-type thiamine derivative represented by the 
formula 



wherein R is a hydrogen atom or an tt-hydroxyethyl group, and where R is an «- 
hydroxyethyl group, the formula refers to the dl-form and the optically active d-form 
and 1-form, which process comprises adding a basic substance consisting of an alkali 
metal hydroxide, an alkali metal carbonate or ammonium hydroxide to a dithiamine- 
carbonate derivative represented by the formula 



10 wherein R has the same -significance as defined above whereby the reaaion mixture is 
converted from a neutral to an alkaline state. 

16. A process for preparing a thiol-type thiamine derivative according to Claim 
1 substantially as described in Example 1 herein. 

17. A process for preparing a thiol-type thiamine derivative according to Claim i 
15 substantially as desaibed in Example 3 herein. 

18. A process for preparing a thiol-type thiamine derivative according to Claim 2 
substantially as described in Example 4 herein. 

19. A process for preparing a thiol-type thiamine derivative according to Claim 1 
substantially as described in Example 6 and 7 herein. 

20 20. A process for preparing a tiiiol-type thiamine derivative according to Claim 1 20 

substantially as described in any of Examples 8, 9 or 10 herein. 

21. A process for preparing a tiiiol-type thiamine derivative according to Claim 2 
substantially as described in Example 12 herein. 
i_ . 4, P^°^^^s for preparing a thiol-type tiiiamine derivative according to Claim 1 
25 substantially as described in any of Examples 2 and 11 herein. 25 

23. A process for preparing a thiol-type tiiiamine derivative according to claim 2 
substanually as descnbed in Example 5 or 13 herein. 

24. A process as claimed in claim 7 wherein the reaction is carried out in water 

REDDIE & GROSE, 
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